.9 min at temperatures of 99, 104.4, 110, 115.6, and 121 C. The z value for purified enterotoxin B was 32.4 C. The experimental activation energy was 20,700 cal/g mole, standard enthalpy of activation at 120 C was 19,900 cal/g mole, standard entropy of activation at 120 C was -21.4 cal/g mole K, and the standard free energy of activation at 120 C was 28,200 cal/g mole.
toxin was reduced to less than 0.7,ug/ml in 103.0, 87.1, 70.5, 57.2, 39.1, 27.6, 16.4, and 12.0 min, respectively, at temperatures of 96, 99, 101.7, 104.4, 110, 115.6, 121, and 126.7 C. The end point for enterotoxin inactivation by gel diffusion was identical to that by intravenous injection of cats. Limited studies with crude enterotoxin B showed that the crude preparation was slightly more thermostable. The respective D values of crude and purified enterotoxin B were 64.5 and 52.3, 40. 5 and 34.4, 29.7 and 23.5, 18.8 and 16.6, and 11.4 and 9.9 min at temperatures of 99, 104.4, 110, 115.6, and 121 C. The z value for purified enterotoxin B was 32.4 C. The experimental activation energy was 20,700 cal/g mole, standard enthalpy of activation at 120 C was 19,900 cal/g mole, standard entropy of activation at 120 C was -21.4 cal/g mole K, and the standard free energy of activation at 120 C was 28,200 cal/g mole.
Comprehensive study of the thermal inactivation of enterotoxin has been difficult because human volunteers, monkeys, cats, or other animals were necessary to assay this toxin. The data on enterotoxin inactivation by heat based on the results of animal and human volunteer studies have been reviewed (2) . The purification of enterotoxin B (1) has made the production of specific antisera possible, and gel-diffusion techniques have been adapted to the qualitative and quantitative assay of this enterotoxin.
The purpose of this study was to determine whether gel-diffusion techniques could be used to differentiate between toxic and heat-detoxified enterotoxin B and, if this succeeded, to establish some time-temperature relationships for the thermal inactivation of this toxin in buffer.
MATERIALS AND METHODS
Enterotoxin B (99+% purity) was suspended in 0.04 M Veronal buffer (pH 7.2) and diluted in this buffer to 30 ug/ml. Portions (1 ml) were dispensed into borosilicate glass tubes (13 by 100 mm), and the tubes were heat-sealed without raising the enterotoxin temperature above 37.8 C. The sealed tubes were immersed and heated in an oil bath, and were then cooled by immersion in water at 4.4 C. Heating and cooling curves were prepared for each final heating temperature from data obtained withthermocouplesanda temperature recorder. Heat-exposure times were corrected for lags in heating and cooling (3) . All inactivation determinations were done in duplicate tubes, and studies at each temperature were repeated three times. Each tube of heated enterotoxin was assayed in duplicate by double-diffusion techniques that were sensitive to concentrations of enterotoxin B as low as 0.7 ,ug/ml when incubated at 30 C for 14 days.
Crude 
RESULTS
Application of gel-diffusion procedure to measurement of thermal inactivation of enterotoxin. Initial studies on enterotoxin inactivation by heat established that, as the heating time progressed, the length of migration of the enterotoxin band decreased in the single-diffusion assay system. This suggested that the gel-diffusion system could be used to distinguish between native and thermally detoxified enterotoxins. The double-diffusion assay system also showed similar results in that the positive reaction for enterotoxin weakened and disappeared as the enterotoxin heating time was lengthened. To establish the relative sensitivity of the double-diffusion assay procedure and cats for heated enterotoxin, 30 ,ug/ml concentrations of purified enterotoxin B were heated for various times at 115.6 C and were assayed by double diffusion and by intravenous injection of cats. The double gel-diffusion assay system had a sensitivity to heated enterotoxin similar to that shown by intravenous injections of cats (Table 1) .
Thermal inactivation of enterotoxin B. Thermal inactivation data were obtained for purified enterotoxin B in Veronal buffer at exposure temperatures from 96 to 126.7 C with the use of an initial enterotoxin concentration of 30 ,ug/ml. The end point of thermal inactivation was the disappearance of a positive reaction in the double gel-diffusion enterotoxin assay system. This occurred when the enterotoxin B level was lsss than 0.7 aig/ml. Similar studies were done with crude (Table 2 ). All calculations were based on the assumption that enterotoxin B inactivation by heat was a first-order reaction, as is the case for other proteins (4) .
From the inactivation data on purified enterotoxin B, a thermal death time plot and an Arrhenius plot were made and regression lines were calculated (Fig. 1) . The z value for purified enterotoxin B was 32.4 C. The experimental activation energy was 20,700 cal/g mole, standard enthalpy of activation at 120 C was 19,900 cal/g mole, standard entropy of activation at 120 C was -21.4 cal/g mole K, and the standard free energy of activation at 120 C was 28,200 cal/g mole.
DISCUSSION
The substitution of the gel-diffusion system for animals has facilitated the determination of the times required to inactivate enterotoxin B at several holding temperatures. All gel-diffusion assays were done in duplicate, and each determination of the time required to inactivate enterotoxin B at a given holding temperature was repeated at least three times. Throughout this study, all duplicate assays were in substantial agreement, and the end points of thermal inactivation were readily reproducible. Throughout the temperature range studied, the times for the inactivation of crude enterotoxin were greater than those for the purified enterotoxin. This is supposedly due to the protective effects of substances other than enterotoxin in the crude preparation or from a change in the heat stability of the enterotoxin molecule caused by the purification process. As the temperatures were increased, the inactivation times for crude enterotoxin approached those for the purified preparation, suggesting that the mechanism that increased the enterotoxin stability to heat at the lower exposure temperatures was less effective when relatively high enterotoxin inactivation temperatures were used.
Enterotoxin B was selected for this study since it has been purified and since highly specific antisera could be produced to demonstrate this toxin by gel diffusion. Since the more common enterotoxin associated with food poisoning appears to be enterotoxin A, caution should be exercised in attempting to use these data to predict the fate of enterotoxin in a food during processing.
